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Introduction
Acute kidney injury (AKI) affects around 37% of initial cardiac arrest (CA) survivors; the condition is associated with increased morbidity and mortality [1, 2] . Uniform definitions of AKI based on serum creatinine and urine output are useful in clinical practice and research, for instance the Kidney Disease Improving Global Outcomes (KDIGO) criteria [3] . However, a major shortcoming of these definitions is that AKI is detected quite late, and early biomarkers that could predict AKI and even patient outcome would be useful [4] .
ere are several AKI biomarkers available in serum and/or urine, and many continue to be tested. Levels of β-2-microglobulin (β2M), osteopontin, and trefoil factor 3 (TFF3) are increased in urine due to AKI [5] [6] [7] . β2M is a protein widely distributed on the cell surface [5] , osteopontin is a cytokine broadly expressed and upregulated during inflammation [6] , whereas TFF3 is a small protein secreted by mucus-producing epithelial cells [7] . Previous studies indicate that β2M is a marker of glomerular and tubular injury, osteopontin is an inflammatory mediator, whereas TFF3 is upregulated in tubular injury [5] [6] [7] [8] .
e utility of AKI biomarkers has been tested in various cohorts of intensive care unit (ICU) populations, also after CA [9] [10] [11] [12] . Former studies suggest that elevated levels of cystatin C and neutrophil gelatinase-associated lipocalin (NGAL) are associated with increased risk for AKI and adverse outcome postarrest [9] [10] [11] [12] , whereas the product of tissue inhibitor of metalloproteinase 2 (TIMP-2) and insulin-like growth factor binding protein 7 (IGFBP7) only seems to predict AKI [9] .
Urine β2M, osteopontin, and TFF3 are rarely studied in ICU patients. Our aim was to examine whether these biomarkers could give an early prediction of AKI, mortality, and poor neurological outcome (PNO) after out-ofhospital cardiac arrest (OHCA). Our hypothesis was that increased urine β2M, osteopontin, and TFF3 levels were early markers of postarrest AKI and unfavourable patient outcome.
Materials and Methods

Study Design and Setting.
is study is a post-hoc analysis of data from the prospective, observational Norwegian Cardiorespiratory Arrest Study (NORCAST) (NCT01239420), in which the primary aim was to assess early prediction of outcome after OHCA. Oslo University Hospital is a combined community and regional hospital in Norway with around 45,000 admissions per year. e study was approved by the Regional Committee for Medical Research Ethics of Eastern and Southern Norway (Approval number REK S-O A Ref 2010/1116a). Written, informed consent was obtained from the nearest family relative after admission, and later from all patients who regained consciousness and were competent to give consent within six months.
Study Population.
Patients were consecutively enrolled according to predefined inclusion and exclusion criteria between September 8, 2010, and January 13, 2014. Inclusion criteria were adult (≥18 years) comatose OHCA patients with return of spontaneous circulation (ROSC). Exclusion criteria were known chronic kidney disease (CKD), patients who died within 24 hours of ICU stay, or for some reason did not receive active treatment. Patients were treated at Oslo University Hospital, Ullevål, according to a standard operating procedure (SOP) for OHCA patients.
All patients were treated with targeted temperature management with a temperature set at 33°Celsius for 24 hours. Patients also received adjusted fluid therapy, vasopressor, and inotropic agents aiming for specified hemodynamic goals.
Study Definitions.
OHCA was defined as absence of spontaneous respiration in a comatose patient receiving cardiopulmonary resuscitation. ROSC was identified as sustained electrical activity on the electrocardiogram generating a palpable pulse lasting longer than 20 minutes. AKI and chronic kidney disease (CKD) were classified according to the KDIGO guidelines [3, 13] , but only data from the first three days of ICU stay were assessed, using both serum creatinine and urine output criteria. PNO was defined as a cerebral performance category (CPC) 3-5 [14] . Simplified Acute Physiology Score (SAPS) II was used to assess the severity of illness [15] and Sequential Organ Failure Assessment (SOFA) score to consider the extent of organ failures [16] .
Data Collection.
Clinical parameters were collected including patient demographics, prior health history, cause of arrest, and traditional prehospital CA data according to the Utstein template [17] . In-hospital information was obtained including routinely collected clinical and laboratory data. Additional urine samples were collected for the purpose of the biomarker analyses. Outcome data were obtained during an extensive neurological consultation six months postarrest which included CPC classification, originally described as the Glasgow outcome scale [14] . e scale was further dichotomised into good (CPC 1-2) and poor (CPC 3-5) neurological outcomes.
Biochemical Sampling and Analyses.
Urine samples were collected from urine catheters at admission (0 to 6 hours postarrest) and day three. Samples were stored and analysed as previously described using the Bio-Plex Pro RBM Human Kidney Toxicity Assays panel 2 on the BioPlex 200 system (Bio-Rad Laboratories, Hercules, CA, USA) [9] .
Statistical Methods.
Univariate analyses were performed using Pearson's chi square test and Fisher's exact test. e association between potential risk factors and the outcomes (AKI, mortality and PNO) was quantified by odds ratio (OR) with 95% confidence interval (CI). In order to compare dichotomous and continuous risk factors, we dichotomized continuous variables using median values as cutoff levels to achieve equal number of observations in each group. Variables with p < 0.25 in the univariate analyses were assessed as candidates for the multivariate model. Independent risk factors were found using a multivariate logistic regression model with manual backward stepwise elimination procedure. We further estimated the correlation between risk factors and evaluated the predictive accuracy of the models assessing calibration and discrimination. e Hosmer and Lemeshow goodness-offit test was used to evaluate calibration. A statistically nonsignificant Hosmer and Lemeshow result (p > 0.05) suggests that the model predicts accurately on average. e area under receiver operating characteristics (AuROC) curve was used to evaluate discrimination. Acceptable discriminatory capability was defined as an AuROC above 0.7. In the calculation of hourly urine output, we lacked information on patient weight in some patients. Patients without recorded body weight were assumed to be 70 kg if female and 80 kg if male.
ere were some additional missing data, and these were handled using only available data. A power analysis was not performed since the measured AKI biomarkers were not the primary endpoint of the NORCAST study. Statistical analyses were performed using SPSS 21 for Windows (IBM SPSS, Chicago, IL, USA) and Stata 15 (Stata-Corp, College Station, TX, USA). Twosided p-values less than 0.05 were considered statistically significant.
Results
Patient Characteristics and Event Rates.
Of 297 OHCA patients eligible during the study period, 261 patients were included in the NORCAST study. Additional patients were excluded from this substudy because urine samples were not collected (n � 42), they did not receive active treatment (n � 9), had known CKD (n � 8), or died within 24 hours of ICU stay (n � 7) (Figure 1 ). ere was no loss to follow-up.
In the cohort of 195 included patients, 165 (85%) were males and mean age was 60 (±14) years. CA was witnessed in 165 (85%) patients, 128 (66%) patients had initial shockable rhythm, and median time to ROSC was 25 (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) minutes. SOFA score on admission day was 10 (9-11), with organspecific scores for central nervous system 4 (4-4), cardiovascular system 3 (3-4), respiratory system 3 (2-4), liver 0 (0-0), kidney 0 (0-1), and coagulation 0 (0-0), respectively. AKI developed in 88 (45%) patients, and renal replacement therapy (RRT) was used in 8 (4%). Overall, six-month outcome revealed that 88 (45%) died and 96 (49%) had PNO. Time from OHCA to death was 10 (3-20) days. e cause of death was considered to be certain cardial in 9 (10%) patients, likely cardial in 27 (31%) patients, certainly cerebral in 6 (7%) patients, likely cerebral in 34 (39%) patients, certainly not cardiocerebral in 10 (11%) patients, and unknown in 2 (2%) patients, respectively. Urine samples were collected from all patients at admission and 164 (84%) patients at day three.
Risk Factors for AKI.
Many potential risk factors for AKI were found in univariate analysis (Table 1) . Urine concentrations of β2M, osteopontin, and TTF3 were significantly higher in patients with AKI compared to those without AKI, except for β2M at day tree and TTF3 at admission (Table 1) .
In multivariate analyses, SOFA score ≥ 10 (OR 3.59, 95% CI 1.72-7.47), serum urea concentrations ≥ 6.7 mmol/L (OR 2.71, 95% CI 1.47-5.04), and urine β2M levels ≥ 2769 ng/mL (OR 2.14, 95% CI 1.16-3.96) were associated with the increased risk for AKI. In the best predictive model, AuROC was 0.729 (95% CI 0.658-0.800), indicating a good discriminating ability between patients with and without AKI (Table 2, Figure 2 ).
Risk Factors for Mortality and Poor Neurological Outcome.
Univariate analyses revealed many potential risk factors for mortality (Table 3) and PNO (Table 4) . Urine biomarker Subarachnoid hemorrhage (n = 3) (iii)
Other causes of coma (n = 2) (iv) CPR < 5 min/spontaneous awakening (n = 2) (v)
Head trauma (n = 2) (vi) Age < 18 years (n = 2) (vii)
Intracerebral hemorrhage (n = 1) (viii)
Unknown patient identity (n = 1) (ix)
Transferred to other hospitals (n = 1) (x)
Abdominal bleeding (n = 1) (xi) (xii) Previously included (second CA) (n = 1) concentrations were higher in nonsurvivors compared to survivors and in patients with PNO compared with patients who had favourable neurological outcome. An exception was that β2M levels at day three did not predict mortality or PNO.
Factors associated with increased risk for mortality in multivariate analyses were serum urea concentrations ≥ 10 mmol/L (OR 2.16, 95% CI 1.11-4.20), absence of initial ventricular fibrillation/ventricular tachycardia (VT/VF) (OR 5.29, 95% CI 2.58-10.87), SOFA score ≥ 10 (OR 4.46, 95% CI 2.00-9.96), and urine β2M levels ≥ 2769 ng/mL (OR 2.65, 95% CI 1.36-5.18). In the best predictive model for mortality, AuROC was 0.797 (95% CI 0.733-0.861), indicating a good discriminating ability between survivors and nonsurvivors (Table 2, Figure 2) .
In multivariate analyses, serum urea concentrations ≥ 6.7 mmol/L (OR 2.19, 95% CI 1.11-4.32), absence of initial VT/VF (OR 5.62, 95% CI 2.64-11.97), whole blood base excess (BE) levels < −7 mmol/L (OR 2.40, 95% CI 1.18-4.85), SOFA score ≥ 10 (OR 2.98, 95% CI 1.34-6.66), and urine β2M levels ≥ 2769 ng/mL (OR 2.10, 95% CI 1.04-4.21) were associated with increased risk for PNO. In the best predictive model for PNO, AuROC was 0.812 (95% CI 0.750-0.874), indicating a good discriminating ability between patients with good and poor neurological outcomes (Table 2 and Figure 2 ).
Additional Findings.
Addition of biomarker levels to clinical parameters significantly increased the discriminating power in two out of six predictive models (Table 2 and Figure 2 ). All the predictive models presented had a not significant Hosmer and Lemeshow goodness-of-fit test, indicating satisfactory fit of the models (data not presented). Parameters excluded from all multivariate analyses were time to ROSC (due to 19 % missing data) and additionally whole blood bicarbonate and lactate levels which were strongly correlated (r > 0.7) to BE concentrations. 
Discussion
In this prospective observational study of 195 OHCA patients, 45% developed AKI within three days and 51% had good outcome at six months. Increased urine concentrations of β2M, osteopontin, and TFF3 sampled at admission and day three were associated with increased risk for AKI, mortality, and PNO. Exceptions were that β2M measured at day three did not predict any of the assessed outcomes, and TFF3 at admission did not predict AKI. e ability to predict AKI, mortality, and PNO was good in models combining clinical parameters and biomarker concentrations, but the discriminating power was not uniformly improved by addition of biomarkers.
Many serum and urine biomarkers are able to predict AKI in ICU patients [18] [19] [20] [21] [22] [23] [24] [25] . We, and others, have revealed that increased levels of cystatin C, NGAL, and (TIMP-2) × (IGFBP7) are risk factors for postarrest AKI [9] [10] [11] [12] . In agreement with this, we found increased urine β2M, osteopontin, and TFF3 levels in patients with AKI compared to those without. Our observation that β2M measured at day three and TFF3 at admission were not associated with AKI might be due to the different time profile of these makers. Increased levels of urine β2M were associated with AKI in one small study of ICU patients [22] , whereas osteopontin and TFF3 levels have not previously been studied in this patient group.
Increased concentrations of AKI biomarkers are associated with adverse outcomes after CA, related to reduced survival [9] [10] [11] [12] and more frequent PNO [9, 12] . In comparison, we observed that elevated urine β2M, osteopontin, and TFF3 concentrations were associated with increased mortality and PNO, with the exception of β2M measured at day three. Our outcomes mortality and PNO were similar since most patients classified as PNO were dead. To our knowledge, no prior study has evaluated these biomarkers ability to predict outcome after OHCA. Urine β2M, osteopontin, and TFF3 have rarely been tested in humans, and their time profile of excretion is not fully clarified. Based on our study, one might speculate that β2M performs best when measured early (at admission), whereas TFF3 has the best discriminating power when measured later (at day three).
Unfortunately, AKI biomarkers seem to have limited practical value since biomarker levels overlap between At admission (Model I, Table 2 ) At day three (Model II, Table 2 )
At admission (Model III, Table 2 ) At day three (Model IV, Table 2 At admission (Model V, Table 2 ) At day three (Model VI, Table 2 patients with and without AKI and patients with good and poor outcomes [26] [27] [28] . In general, the diagnostic and prognostic utility of these biomarkers could be improved if the timing of sampling was optimized, but the ideal time point for urine β2M, osteopontin, and TFF3 is not known. Biomarker performance is also enhanced if used in a population with high probability of disease as we did in our patients. Another option is the use of predictive models with combined biomarker levels and clinical data [29, 30] although this did not uniformly improve the utility of biomarkers in our study. is study has several limitations as it is difficult to ensure that patients do not have prearrest CKD. It is also challenging to time biomarker sampling to changes in kidney function. We used modified KDIGO criteria because they were applied for only three days with missing data of body weight in 29 patients. Measured biomarker concentrations at admission may be affected by urine present in the bladder prior to the arrest. Moreover, we were unable to compare the predictive ability of biomarkers at admission and day three since we lacked urine from day three in 31 patients. We were also unable to include time to ROSC in the multivariate analyses because data were missing in 37 patients. Furthermore, β2M may be instable in urine if the pH is below six, and this was not measured in the present study. Additionally, we have not controlled for presence of AKI when assessing the biomarkers ability to predict mortality and PNO. Finally, the study has limited sample size and probably restricted external validity. Strengths of the study are that the compared patients came from the same cohort and time period, with clear definitions of risk factors and outcome variables and no loss to follow-up.
Conclusions
is study of resuscitated comatose OHCA patients revealed that elevated urine β2M, osteopontin, and TFF3 levels at admission and day three were associated with increased risk for AKI, mortality, and PNO. Exceptions were that urine β2M concentrations measured at day three did not predict any of the assessed outcomes, and TFF3 at admission did not predict AKI. e biomarker changes observed in this study were probably markers of the multiple organ impact of cardiac arrest, but these biomarkers should not be used alone to direct patient care.
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